world has 12 billion ha biologically productive land and sea area. We have divided 12 billion 1 1 2 ha with the global population to get the global average per capita scale boundary of 1.6gha 1 1 3
year -1 (2016). We have calculated the share of agricultural ecological footprint (i.e. cropland 1 1 4 EF component) in total, to get the contribution of agriculture in ecological footprint PB. We have used 10 different indicators to get the overall view about the contribution of 1 1 7 agriculture to air pollution. These are -ammonia (NH 3 ), black carbon (BC), carbon 1 1 8 monoxide (CO), nitrogen oxides (NOx), non-methane volatile organic compounds 1 1 9 (NMVOC), organic carbon (OC), particulate matter 2.5 (PM 2.5 ) -bio and fossil origin, 1 2 0 particulate matter 10 (PM 10 ) and sulphur dioxide (SO 2 ). We have calculated the share of 1 2 1 agricultural air pollutant emission in total, to get the contribution of agriculture in 1 2 2 atmospheric pollution PB. To appropriate this dimension, we have used 3 indicators -pesticide use in cropland (kg/ha), 1 2 5 pesticide total use (active ingredients) (kg/capita) and synthetic fertilizer use (kg/capita). As 1 2 6 the boundaries are yet to be set, we have only been able to use the per capita values. We have also analysed various socioeconomic factors related to the agriculture, as -income fig 1) .
The contribution of agriculture to total GHG emission has decreased in the world (2.8%) but 1 5 8 increased in the EU (0.84%) since 1990. Agricultural GHG emission used to be high in contribution of agriculture has reduced over time, those same countries still high than in other 1 6 1 countries in the world. fig 3) . Agriculture's share of land use Nitrogen use (kg) per capita has increased in the world (12.99%), north (8.07%) and South 1 9 2
America (50.26%), Asia (17.95%), Europe (9.15%) and Oceania (9.81%); but decreased in use PB for agriculture in the world (84.15%), Africa (96.75%), north (54.33%) and South 1 9 7
America (83.62%), Asia (84.13%), Europe (79.01%) and Oceania (52.24%). It is also
showing similar trend of being lower than per capita nitrogen use PB for agriculture in LDC 1 9 9
(70.99%), LLDC (55.15%), SIDS (62.53%), LIFDC (6.2%) and NFIDC (37.95%), except -2 0 0 higher in EU (137.89%) ( Supplementary fig 4) . Nitrogen use in agriculture (%) is presently 2 0 1 more than 95% in all of the continents along with the world, except -North America 2 0 2 (78.41%). Also, it has been increasing in all, except -Africa and Oceania (0.05% and 0.09% this data is available only for a few countries at the national scale, it is difficult to understand 2 0 6 overall country-level comparative understanding through longer duration. and Oceania (33.59%) (Supplementary fig 7) . The contribution of agriculture (i.e. cropland 2 2 7 EF) to the respective total ecological footprint of consumption has increased in Africa Oceania (20.18%) and the world (21.39%) ( Supplementary fig 8) . Agriculture's contribution (2016), they hold the highest position than any other parts in the world. Phosphorus use, (7) Ecological footprint. (4) Value added by agriculture. Ammonia emission from agricultural sources was high in Europe, northern Asia and America contribution of agriculture has decreased in all the of these air pollutants (except -increase in 2 7 6 CO, NH 3 and OC). pollution related to planetary boundaries in countries of the world. Synthetic fertilizer use (kg/capita) has increased at a very high rate in the world (251.46%), fig 9) . Europe (3.6%) and North America (12.28%), since 1990 level (Supplementary fig 10) . Agricultural pesticide uses per area of cropland (kg/ha) have increase relatively more in the 19.05%) (Supplementary fig 11) . (pesticide use). The 6 scenarios are -5 SSPs (shared socioeconomic pathways) and 1 UN (World If the most efficient path of population growth is not chosen over the opposite, biophysical (freshwater use), 50-55% (arable land use), 180% (nitrogen use), 265% (phosphorus use) and The 6 scenarios are -5 SSPs (shared socioeconomic pathways) and 1 UN (World BAU (based on latest data availability) and highest. fertilizer and pesticide use) have increased (Supplementary fig 12) . Also, among the are found (Supplementary fig 14, 15 ).
5 3
Female employment in agriculture (% of total female employment) has decreased overall in 3 5 4
27 years Members and PISS (4.75, 2.79, 4.82 and 0.88%, respectively); and has decreased more in 3 6 1 EU, FACCs, LDCs, Other Small States and Small States (5.8, 9.13, 8.12, 9.92 Asia (13. 46, 8.74, 9.71, 9.08, 25, 9.07 and 17.51%, respectively 23.08%, respectively), except -LI (2.02% increase). In 27 years , employment in agricultural sector has decreased more in the World, Value added by agriculture (% of GDP) has decreased in 22 years There are a few points, related to socioeconomy of agriculture, to be inferred from this work. should not be interpreted as a good condition.
There are a few limitations of this work which also provides scope for work in this dimension 4 5 1 in future. First, among the three major areas of consumption, only the safe operating space 4 5 2 related to agriculture has been formulated so far. Formulation of sector-specific safe limits of systems is desired to make our understanding more specific. Fourth, it is important that the specific allocation of safe limits (in gha) is necessary to use it in more specific purposes.
6 8
Eighth, spatio-temporal data of long-time span at the local level is needed to integrate this De Vries, W., Kros, J., Kroeze, C., Seitzinger, S.P., 2013. Assessing planetary and regional 5 0 5
nitrogen boundaries related to food security and adverse environmental impacts. Curr. Destouni, G., Jaramillo, F., Prieto, C., 2013. Hydroclimatic shifts driven by human water use 5 0 8
for food and energy production. Nat. Clim. Chang. 3, 213-217. Foley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S., Martinelli, L.A., Seitzinger, S.P., Sutton, M.A., 2008. Transformation of the nitrogen
